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(54) SYNCHRONOUS DRAM 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a synchronous 
DRAM(dynamic random access memory) that is harder to 
generate a needless cycle than in a method in which 
pre-charge operation is performed using an 
a uto-pre- charge and that can shorten the memory cycle 
time more than in a method performing pre-charge 
operation using a pre-charge command. 

SOLUTION: An exclusive external control signal line DSF1 
for performing pre-charge operation is added to this 
device, a signal is guided to a pre-charge control 
circuit 106 for controlling pre-charge operation through 
a controller 105. A bank latch 107 stores tank 
information at the time of input of a column address 
read (write)-command, and the information is sent to the 
pre-charge control circuit. When an external control 
signal DSF1 is inputted, the controller 105 makes the 
pre-charge control circuit 106 function, and start of 
pre-charge operation is required. Thereby, pre-charge 
can be started at the final of a burst cycle in which 
judgment for existence of pre-charge is easy. 
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R; i > £ ^ © 7* U 5 1 -v — S? £ Hfr * # S 3 > h n — 5 i: 
DRAM. 

3 ] ftttlMMff*|ft*ti*i U K@?ift&7> b 
fe^2i5$ijaPfi^* J A*t-Si: N flr5£©#<7>*©;*j'7> 

»J^-+-s;iMPftiHSSS**J:-5Cbfcci:ft«rtRfc-r 20 
-vb 

^>^flMB*ffi«f *^>»5y^-fc, 30 
i:> 

8* -try htSMBHU **>HKCJ: 

o T«B* * > * MfPB»* fcttttB^ U - S^tHil 

9 » 5=- ASffift 1" 5 ^ * h5I3 y U * - 3>fflfll£] 

5f»*ia3l3«©^>^u^DRAMo 
[Sf5RJS5] lt5fcm^b«;>fcrB4©orfta>tcB3« 40 

i'Dt^DRAM. 
[0 0 0 1] 

AM (m-* y»S7>yA7*tX^t';) (CM 
U WC, ^-^hKSSCWfflbTWar&S'V^D*-* 
DRAMtglf «. 

[0 0 0 2] 50 
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[S£*©ftfl5] ^V^D^XDRAMtt, AV3>©^ 
-f UT - Sl£t3iSiE£:&o"Ct'>3#'f 7©dramt- 

->7f A ^ D y ^ {; L tftftt 5 C i: 
fc-T3. i/>^D«DRAMttt, TKU*©!!^ 
nv> K©BT-frofc«)^ MMKCI^IWtfM 1 

3 >frB»») o 

[0 0 0 3] 08fi, d©fl©-i8Se<]'&^>^a7 r -^D 
RAM©-0!|^^t-^D-;^EIT-fef), ^S8¥8-115593 
^S?S^tC * |a]F3g©i3«4#;& £ . 

[0 0 0 4] £©*>>^D:>-;*DRAMic::j3V.Tttx )1 
— 7, h^E-Kftt, U>77 ; 3— ^801A{C«t-3"C^$tl 
fcl*©<7— K^tz^fbT, *7A7 Kl/*7j"7>*806 
JC .tot tl57 K W^CtSM^-^^jl 

[0 0 0 5] 09(i, 138 f^tt-S^AT Kl/^A^ 

>*8O6©^g#j£^-r:/ny*0T-;&.5. H9t:«v^ 

t, *>7>^J.ny KC0UNTER UNIT)900fcfc, A*j£ft 
S*3W7 , Kl/^©tTy h«fig{C^bfctr>y hfc©*>7 

[0 0 0 6] A^AJKl/^^x^l/-^ (COLUMN ADD 
HESS GENERATOR) 901&, # -i? > * J-^ y b900©{ii;tjC 

h*>Kft»ffl-r*fc. *^>^$iJffllE]K903H:*<7> 

y h900©fi&f^&SiJfflI-rSo 
[0 0 0 7] M— ^ h:n> H^En^902(BURST EN 

d monitor)^ x-byvr^-pifiMnzixx^zm 

'Vilfcat-S. n> hD- 7 (CONTROL LOGIC & TIMING GB 
NERAT0R)904Bu b7Vfc-V><DGm&^-X b 
K*^^902ta«I-r Stilt) fc, 3?>h-§*>> 
>^*J»[5]Sg903(C0UNTER CONTROL L0GIC)tCS£ttJ-f 5„ 
[00 08]»!t, *^ATKI^^*>7>^806©ifrf^ 

[0 0 09] 09t|5Ut, ^ h^> K^E^^902 
iCfcJU fe^iPbto*— (3>hD- 7810JC 

«JS3*7A7'Kb^tf*'7>^^--f h(C0UNTER 
UNIT)900i:*7A7'Kl/^^i^L'— ^(COLUMN ADDRE 

SSGENERAT0R)901lC-b>7 h£ft£^ % ftg&truytm^ 
I CLKJclHIWbTA^V^-^-^ h900©A-7>M& 

#^18^ £ft -5. 
[00 10] Cl©*'7>b©tB^(±A7A7'HL'^^3c 

^U-^901{CA*^ix, *^A7KL'^^tB*-r5» 

*-7>^j.^^ hgooc^^v^fi^^^-^ b 
^>K^^^902T-^^^^--5c:i:lc«tt)x /t— zb*- 
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g&903^jt*0U £-i7>#:x- y 1-900©*! <?> 
[0 0 11] ^— * }-3L> K*=*902Bu 

[0 0 12] n-xM/>^tf7;^-^© 

A— X hJi> Htflg^b&i^fcS^ 
Yy7 • • 7M-^3Y> K £ 3 > h D— ^904 10 
A;*j-r 3 C >k liiHtfc* ->>*.3.^>.y h900© 

[0 0 1 3] i:C15T% ^>^D«DRAM©'J-K 
37> K© — ot N A^ATb'l/^ • "J— K • • 

5t ^©T'Kl^A^^OT'Kl^lI^©^ 

£3. 20 
[0 0 1 4] ZLCD-ti^kTYVT, • U - K • t> -f X • * 

[0 0 1 5] 01 0{C*5V>T> ny? (BANK) 0 

l/X • ';-K3V>KiSA*$n> p]B$iCTKl^A2> 
ig^A 1 0fc>>W U^;i/AJA*$nTV>SC:i:T-2j-— h 
X';^^— i^tflRSfl, 4@©,K— * h^E— KIM * 

/wd»7«» gi&ifttry^-^i&tf^gp&^ft-^ 30 
^{d, &©;*>* it*ff • u— K3 

v>K©A^*spItgT-fc!3, Ji^bfcU-K^-^tB^ 
[0016] 

[^H^^bi^t-TSISM] ±xE©«fcdt, 2f- h 

fciaoJ/>i'D^DRAMflt t-br i Jf+- 40 

[0 0 17] *<Dtz&b, M&n?Tfp<D^-X to 
©&©+*- -i 7 ;i/ \Z.ft b T 7" U 3=- — V ifi^mx- & £> if if 
3A>©^«!l#EJi-t*fc5©T-, *-b7'Jft-J»ttt 
fflbJ&V^y^-^-^nv^ KSrA^b&Dx 

h 7 y +■ - s> tct 5 , ^ ^ y * -r 7 ;i/ * & 

[0018] 01 1 ttx ^ h ^e— H©M— 7, YVs 
^&4{c|S^bfeJ©-&{c*5V>-C. ;O^0C«f5M 50 



) ftm 2000-207883 

4 

— *hy — K-y-W ^;i/tfj{c % ^o^0©-tJ--Ti{';i/i»)* 
«^©SvnH *;i'* , ^>$' lJcttbtfrfc 

tltziS^CD^^ h£^bTO£>o 
[0 0 1 9] 01 1 /^^OCTtSD')? 
Kl^* hD — ;/ • m/VTVJ-J ?37> K(ACT)© 
A*^, n v> KA^J^qjig^^^^jgx^^^^fc^ 

• >J-H3y> HBeadSA^bTVvs,, <r©0T-«> 
*7A7Kl/7 -'J-h'3?> KBead© A*B$£, T K 
\y 7. A^ia^AlOfc d ^ v ^<;i/ bT:*-— h 7* y f=- 
+ -^£HfTb&V^5g£bT^S;k#>, /t— TxhtM 

Wi*$>%>* b*>u ;s>7 itc:^bT©iij?)ii^-y-'r^ 

M*7A7K1/^ • y— K37> KEeadfcW^bT b 
bTV>£. 

[0 0 2 0] d©01 i<D£otey-4 
^ X b -f i'Xr A & if fCfgffl ^ ti 5 Btt^t * 'J ~> © 

>^ i {3*f-rsffi$fes©iSv%ai »)a^-tJ-'f ^^ttT 1 ^ * 
xw {ca^-r -s fc»© y — vmftk. b-r# < 

5. 

[0 0 2 1] tS^^^ y^sOT'^-fe^-y-'f 

[0 0 2 2] Ltzifi^X, *&BM<DEmt, 

IrI ± 0 o > 7 n ^- ^ D R A M S: 5 C i: JC 
[0 0 2 3] 

[mm*Mvit ztzttxD^mi ^i©*^©«>>^d 

t^DRAMIt 7 , y5 : -^-^»^$;fTt>-&SfeK)©ll 

»«9jBN9^»*» ©^SP$iJ®m^© A^jJci t) ^ SiftJft 
t X y 5^ ^ ^HffT- § s «t ^ c bfe ' i: -f 

[0 0 2 4] £fc, ^2CD*^Oi'>i?D«DEA 
$iJ©«^#A;*j-!rsi:> ^©*7>^©*^>bfii{c 

[0025] $ {c, *«b^©»$ v^mmmmit, 

^v-y^i:^ Hu!37 , y5 L i'-^«ffl©^a5©JffllM^* 

-frxsxxti-rzuv&mmm^m&isx, mm^>^^ 
* ^^iBit-r s > 7 i»fg^ bu §27- y ^ +• - *jmmw& 
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[0 0 2 6] **IH<D»* U^SmS©3KJB 

*u y7fc|§]|p§b-T\ n—7,vmW(Dtz)^(DTY\y 

y y 5=- v - 5>swh»»» t* y ^ +• - vrnttomttb & m 
•yhoA^^i:, a* -try h-rsatg** 

U #>7> hffifc«fcoTii5f3#?>*#J®[S&£fctti?u 

t\ -eft^n©[ijs&£«ig;*-tt\ s^yy^*-^*^ 

© £ £ £ fcfcitufen > * 7 y ^!2tS f S yt > * ff ff) 
[0 0 2 7] *»IBB:, 7W+-S>|&fts*fTfe**fc 

[0 0 2 8]4$£, *— bTW*— iH*7W+— S> 
>K *fctt^S«:*-h7*y^^-y^ffofc?) b 

[0029] *»93-ett, T-y^^-^a^&fffo-e-s 

fc»©e^l*<&>»y7a^-XDRAMlC{tA0bs 7* 

an—* ^^mk^T^^^—vm^^mtt 40 

Sfc, f&©3-^> b'A*i:I^B#{C7 , y5 L ^-^i&^ 
3d iitfT* ^ 'JIM ^;i/BfR3£$S 

»f 5 d b&X- # -5 J; ^ tc&o fc. 
[0 0 3 0] 

[^60J©I^6S©^] ifciCv *&BMcommcDBmiz-o^ 

[0 0 3 1] i^^D^DRAMlCO^TM 
^©&K, *^B^©^g|5^i:^S*7A7Kl/^ 

#?>*{cov%-tPi£-f So 

[0 0 3 2] EI8^{± N >t7V±XD RAM 50 
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©— tfjOtllilfc^ny^HiP^ftT^S. d©*>>^D 
t^DRAMIt pt^y^>^ (MEMORY BANK) 0£fitj& 
~$~%>£^: 'J (MEMORY ARRAY )800Ai^ ^^'J/t>^ 

l?&«JSS-r5^^ •;TH'800Bh^llx.i)o ±§3*ft^ 

twD^yyu-fsoo^ soqbbu Tb^^iiisnfe 

izmwztitz* ^ y -fe;i'©Mif?is?ii?'j«© T 7- p». 
(HSs*r) fc*£3-$*v n-fTJciEg^tife^^y-fe 
^©^-^Am^is^ifffttctiffl^-^iia ua^-e- 
-r) ce^sns. 

[0 0 3 3] t>77>7- £^A5IMHjSg802At:fctt 
5-fe>^T>7*(SENSE AMPLIFIER)^ ^ 'J -fe;U*>?> 

©t*-* mm b tc j; ^ ©jsm^- * a c mix s *t 

^«ffiH*«fflbTJ««-r*«MlEI»-C»S. £2^ -fe 
^^Ty? • A5ASl^[p]S§802A{C*5Jt5*7A^'f s> 

^^( I/O BUS) tC^tji£-esfc»©>W -yflKT-!fe 
So *7i7-f y^lElS&ji^^AT 1 ^— ^(COLUMN DECO 
DER)803A£ J;5*7A7Kb ^©^-©^ 3 — K^HtC^ 

[0 0 3 4] ^^•;TH'800Bfli|{C*±g3i:|lI«{CU^ 

5^3—^8018, •feVXTVT* • ti^AMiRMmo2mxr 

■t) =? A 5^3 -^803Bi»sgS{t ±|3p< U > ^80 
OAhSOOBCffiM^a^-^i^d/O BUS)(i, A*VW 7 
7 (INPUT BUFFER)808©ffi^jJg^ y Sy c m*>'^ s» 7 7(0UTP 
UT BUFFER)809©A*iS?{C^^n-5. A*Ay7 78 
08©A^3S^Stf mt>'* V -7 T809©ffi*JS? 8 bT » 

h©^-^ Atti*is? i/oo~i/o7 icmmzti 

-So 

[0 0 3 5] ^Kl/^A*ig u ^A0~All^e>«|& 

5tfi)©*7A7 H L'^yt f 7 7(C0LUMN ADDRESS BUFF 
EBL)805tV^T Kl'^ytv7r(R0W ADDRESS BUFFER)80 

i'atSfciiC'J?!/'^^*^^ (REFRESH COUNTE 
R)807SiS^5o 
[0 0 3 6] y y\/yi'3.j]'!7>?S07^ ^Zfriotii 
A$tlS , j7l'«^->a7Fl/XffSn')7H^If 

i:b-cmt)jitffc», u^TVU7,^^7 78o^zmm. 

Sti. D>>7 K b^^v 7804{imIxE©D ^^3—^801 
A, 801B IZ Wfc ^ tl S . j)7A7 H X/^f^v 7 T805©tU 
TJ&Jj^AT K >j7>*(C0LUMN ADDRESS COUNTER) 

806{C«$&^ia, ^AT^-^OSA^OSBKlplttTtH* 

[0 0 3 7] ^> hD— => (CONTROL LOGIC & TIMING GE 
NERAT0R)810(c:BU ^Dy^ff^CLK, i-D^a 
-7-;i/fi^CKE, ?>;7tH' hfs^/CS, *5A 
7KV^ bD-7"(f^/CAS^ D^7Kl/7^bD 
-7iVRAS, h-f ^-^l/fi^/WE, 7 s - 
^ Affi^j <7 n > h d -Mm *t D Q M % if ©^gB$iJ® 
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D«DR A M©tM1^- H.£tF±f2&[!S&:/P s> * © 
5. 

[0 0 3 8] £©^>^o:>-*DRAM©i!j#tc: 

[0 0 3 9] TKV^A*iS^AO~AlliPe>^|&^tli. 10 

U *M>y 7 r805 i: o t> 7 Y U JXA? v 7 T804JC t K VX 

*M^tt^;Jveft©My 7 r805i:804#Gy#-r3o 
[0 0 4 0] P^7'KU'Xny7r804{i, U7b«y^ 
-x»rf1^— FiC*5V>T«\ 'J7l'9i'iA>>^ 807*> 
£>tB±/;*ft3 U 7 V V^^-TYVX^^tlTYVX 
m^£lsX$L*)i2&o *>7A7Y\sXnv7 7805<Dtii 
* : ?A7Yl'Xi3'7>ir806(Dyt)-kv Yr— # 
tVXm^tl, *7&7Yl'Xti>7>#80m, 20 
©n^>H&i?T-ffi5££ft£I!rt1^-K£JfoC.T, ±13 
7Uti» hf*— ^fcLTC^A^Kl^ft^, 

* ^ A^rn— ^803A, 803BC |S|I*T ttS^J "f 3 „ 
[0 0 4 1] D'>7 ; 3-^'801A,801Bt«t-SD"i77'Kl/ 

^ji'izmm^ti^o ^^UTix-fsooA^ooBcDE^b^ 

WHi^-^IUtt, ■fe>XT>7 , -*^ASjER[5II^802 
A,802B£ifg-&$tu ±>X7>y - *7AMS?tll8g802 
A,802B{C*lt5-fe>^7>7'tt, ^^eU-fe^e)®^— 30 

-^803A, 803B«fc 5*7A7F UXm^CDrZl- Yf^M 

*&(I/0 BUS) K#it$-B\ ^-*©U-K OT7^f h 

[0 0 4 2] ±I3D^TKl/^«^{i, flSP^n^fS 
^ I C L K©£*>±# D i v Vtzmffl-t £!£>£© n 
K UXX Yti—y • j^ZtZt-j F-tM 
£ £ £ 7 H W * Xtsffc? A0~A1 1 © 1/ ^OV iC «fc T £ 40 
SSftSo TKL/^A*ig?All*»f>©A^jtt> ±f3n 
^TYVXX Yo— y • y^^T^^-f ya^y Y-*M 

[0 0 4 3] IP*,, T Y UXAtlffiTAUOXtlifin t> 

i^b©^ *^';7W8ooa (n>*o) &mnz 

*U ->W l"<JUDmiiX*: 'JTl"f800B (;S>*1) # 

MiRt^WytmcDfrOXtjrty 7 r808;&tF 50 
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tBAMS * 7 t809-n©^* if ©SQ.SH <fc o Tfr-5 £ i: 
[0 0 4 4]-*, ±f3*7ATKU*{I^Hu rtSB* 

d 5/ * fg^ i c l k ©£*> ±# t) ^ * y iz mm-t s u - 

*3 ft S T H U X A*JS?A0~A8© U {r £ otfl 
SftS. Cl©«{Cb-C^g^nfe*7ATKlx 
XltJ*— X Y7P-kX<DXt>—Y7Yl'X££tlZo 
[0 0 4 5] ^D-^ifCLKIt ->>^a±XDR 
AMWXf to vfitZtl, ^©ffe©^a5A*«^ 
ti, ^Krt^^D^^ff^I CLK©ji*,±*s»3^-y^ 

izmmisXG&tztiZo ^yy-ki/t Kit/cs 
©t§ &yyjmiRVim) ^com^xtiitmm^w 

[0 0 4 6] ^D«y^^^— ^l/fi^CKEtt, &©* 
D«y^fI^CLK©W^ttSfS^^-2.fS^-e«.»), 
<y^^^-7;WS^CKEASM-f ^^;i/T-$>n«ife©^ 

•>l/^;i/©i:§{;li»^;i:$tiS<, ^5>{^, 

U-K^-^*tC*JV^T, m*^*^7T809{C*f-rS 

7->h7^ h-r *-y)UDfflm%n 5ft3n%mm*tt>^ 
[0047] '&m<Dyv?-*-i;-3-vy YV4t)\/K.ft 
cit^Ji^b, ^©n£ix^;wi, TYUXAJjXftTkl 

lx-m^tix^ s— *©^ t u ^ ifiy u ^-v— 

[0 0 4 8] Wc, av> H^^oTJi^^tvS-©^ 
> i?X2-)rX D R AM©3E-fel&-f^ J &— K \^X WR^t 

[0 0 4 9] (1) t-HU^i't'V Y^^?>Y (M 
OD) 

CS, /RAS, /CAS, /WE = D^l/^<;i/{Cj;^ 

ZIzvYt-Z) \£7Y\'X\-hf$&-k§~kW*.ft\sX 
5-3Lt>tlZo WXZizv Y=r-*>\£, ^f{C$iJRS$n& 
>>n*-^M^>^, CASl/^f ^^i/^f , h 

*fcfc, 1, 2, 4, 8, 7)1>^-Vbtftl. WL&al&iZ 
CASl/-ff>WI±l, 2, 3fc^ti, aSse^Jfgfcv 
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[0 0 5 0] ±I3CAS W7=->Wtts gj£©#^A 

ttlZti^X / C A S <DtL% Tifi t> h fcBft^ V 7 7809 
©tB^lMeST'KrtSJ* d y I C L K©{5J+M * 

'&5&S*l«#* *ft£F*lS5f Py^fs^I CLKCg 

[oo5i] jfta^-ixtt, i««ft©*v>rtaj^Dy^® 

CLK£fflt>5^C£CASW^>W£*B*f 10 
ICLKSfflV^tliCASU-frVWSW 

£&tt£89:;£?-£ «t 5 ffl n 3 «fc o \zx § 5. 
[0 0 5 2] (2) D^7b'l/^hD-7--'Oi'7 
*y-f 737> H (ACT) 

qmil £ iS^t'J;^^ (DMtR C f -5 3 v > 20 
/CS, /RAS=P')1/'<;K /CAS, 

XA;fr^A0~A10iC#fci£;**l?,7* K UX&a t)T Y U 
Xff^hbT, THb*A*Jimil{C#i&£*XS« ; ^ 
* U /t > * ©il^fs^ i: btlfc t) ft -5 o 
[0 0 5 3] WLb&ft-mmt. ±J£©<k-5£f*3S3*uy 
?m*5 1 C L K©£t,±# t) 3iy 5>fcH»J bTfTfcft 

xji^ £ n 5 * * »; ; s > * (c * it s 7 - k uifimtR z 

[0 0 5 4] (3) *7A7Kl/7 • U— H3T>K 
(Read) 

^©nx'>Ktt, HJ-HgMt=£H$&-r 
7©}|^^S3?>ra!), /CS, /CAS = 

o^L"<;k /ras, /WE=;\-f i/^i/CfcoTJg 
c©i:#7'Kl/^A*^A0~A8{3#ti|&$tiS 
£ 7 A 7* h* U * # A 7 A 7- K U Xffi^f hi bTS* *) ii£ *l 
5. -ft£«fcoT3l!3j&£ftfc:fr7A7'Fl/;*M-^fcS\ 40 
A—* h7i'-h7b-U7J:l/t*7A7h-U7A'» 
*806fc#yg;*tl5. 

[0 0 5 5] Clfl{C«toTj§^^nfcM'-^ hU— K» 
{^{C^Ttt.. -^©hJKID^T'KU^X hD- 7' • ;\*> 

{c*IJ5'7-Ki^©5ilRA5fTt»nT*t)> 
m©^>;-fe;Hi x F*l£lS*ny*ft^I CLKfc|i]»j 
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9 iP t, ©5=- * BKtti LM$S«±±fB C A S L/ -f > > T* 

*a^£tis F«gaj^ d * *fi^ 1 c l k©im tjmzm 

oTff toft So 

[0 0 5 6] (4) *7A7HU7-7^f 
(Wr ite) 

7-f hiWfrDJWftfcbT* -t— K lest — X b ^ 

[0 0 5 7] Htr, Miia:3v> Kfct, *>>^;i/^ hj£ 

jg^^#^.So ai37>m, /cs, /cas, / 

-©t^TKy^A*ig?A0~A8tC«*&^nS7' 

Ku^tf*7A7b-v^iftuTK!)ajn5. zn 

A 7- H V * * ■> > *806{C#fc|S£ ^5 . 
[0 0 5 8] cmCtoTJi^^ntv'^-^ Y=y-i hW} 

M&Y^(CttCAS^'f7 : ->i'-Yii^<, 7-f h 

[0 0 5 9] (5) 5>z>lx7YV7> • 'J — h' • • 
*-h7'Jf + -i'3V>K (RP) 
U — KfM£<Dfl»R£ bT^E- H V *J*9 Id— 7. V U — 
K#a&^£tiT^ 3 *vA7-Klx^ • U— Y 
T-KU^A^SS^AlOli^-hT-U 

AT-Hl^ • 'J-K37> H©A^^{C7-K^^A^ig 

CASV-Y^>->^*s2{ciS^$nTV>5^ 

gftW^T-u^^-^^pg^^n, cAsi/-<5 i >'>'f 

* J 3£ifc£$ftT^£S-&(±g&££B;&£iT.3n— ^ h 

[0 0 6 0] (6) *7A7K1/^ • 7-f h • »>-f X • 
*-h7'Jf-t-y37>K (WP) 

h* i mfe£tlX^Zt%&lZ\t > *7A7KM-7^ h 
3?>FA*iKfC, 7'KVXA*JS?A10tt3j--h7'U 

AT'Kb^ • 7>T N37> h'©A*l^{C7'Kl'^A*Sg 
^AlO^N-f ^— h^U^^-^^S 

W&k&T-tr&XtiZtiXfrb 1 Zxiv>7mz 
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[0 0 6 1] (7) 7 l Jf-V-i J 3V> K (PRE) 

££*U /CS, /RAS, /WE=D->L"<;k /C 

[0 0 6 2] (8)3r-h'J7l"^j3V>F 

i&gfc£iT,S:3^>FT-;&»K /CS, /RAS, /C 
AS=D')V'<;K /WE, CKE=;Wl/^;HC«to 
Tti^£ft£, 10 
[0 0 6 3] (9)M-^h^h«/7-^>-7;K- 
i?n-7>K (BST) 

7 >>* ic *f 1" 5 M— * I- W}W £ £T © ;>< ^ U n > ^ 
Kit /CS, /WE = D>i;l/^;K /RAS, /CA 

S=;w i^;Kz«fcoT*§^£*x5. 

[00 64] (10) y-^V->3>3?>b- (N 
OP) 

^ftfciU £Httfc»flHfefffc*^fc«wr*3^>K 20 
-t-&*K /CS = ni7l/^ /RAS, /CAS, / 
WE©;W L"^;i/{CioTjg^$*X-5>o 
[0 0 6 5] ZZX, i'V^n^DRAMffl^Co 
TClfibt*<. *>>*D:*-:?;DRAM£;fc^Tfci\ 
— ^©^^EUAV^Tvn-— ^ bWlft&frfrtiX^Zb. 
§x ^©jt^T-S'JCy^'j^^&^bT, U-i7TF 
l^*;* ho- 7 • ny^TtTT-^ y3T>ACWft$&$ 

ltSD^7'b*b^^Oi&#^qJtg{C$tl5, 30 
[0 0 6 6] 0g£& i/>*D:K*DRAMfciU ^S3*» 

* u 7d * * y- -k* i #73-©^-* 

^LJ&Viv v^|5]S§t5 y^ftS £-5£&^Tt->-5. 
[0 0 6 7] UfctfoT, ^-^Atti^Jg^ I/O0~ 40 
I/0 7fc*Vvt5*--*:&i«ggL&V*|RiK «LS*s^T 

*t£ i: 1" S ^ ^ 'J m > * i: g & -5 ^ * U n > * £ 

[0 0 6 8] -»^D^DRAMIt WttUmvtm 
^CLKHm-3^XBf&2nZft®*vv?m^I CL 
KKIHUBbT^-*, 7K1/^WRAS, /CAS 

*©#«»j»e9*Ain*Bjt6ft^ * >j t-&3 fc^ar- so 
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-»i7D^DRAMH:, DRAMt|3]« 
O^I^t'J^SRAM (^r-f'^IRAM) fc 

2tltil*<DV-b-miZ*llsXt&'3ii><D7 : -**T>7± 

7. 1" S ifi Itn-y, h u > \z £ o TJI^-T 5 £ i: £ J: 
•oTs F*3iS51-SA7A7'Kb^7!3'i;>^806T-ili**^ 
A^©3§#?#<g£«J DMtV^otSIiCDr-^Sl 

[0 0 6 9] 08©^>>^a^DRAM{C*V^ 

*^#(z«to-ra*tf©*7A7'Kb'^*'i7> 

[0 0 7 0] H5&, c:®7b-ux*'?>^o7nvi' 
0T-feSo E5tC;fc^T, * £ V h500fci\ A 
73^tiS«]^7Kl/^©lf^ MBjfcWtifcUfcKf h& 
©*'>>*£;fibT:fc!K ^niiM-^bU>^S* 
i7>ht5a-'yht-feli, *i>>^aL-y h 5 0 0© 
mtliZ^^XiJ^AmMtK^-r^tztb^^ATW 

Bfi<Ji:> *-t7 1 )?-*-i?&mtRZtlX^ZtMi-&la 

— 7 h*-y K*-^502-?>, Z(D;^—7 hx.> Kt&tH*£ 
JB{C»-3^T±f3*'>>*^->.y h500©»f^S$lJffiI-r 
Ztztb<Dj] ^7>^$iJfflI[5ISS503$W^«o 
[0 0 7 1] Jf-b^'J^V-^CWiS^-^ 
hai>K^E-^502t:a*n-rsfe«)i:, nv> 

3> hD- 5504{C*DX. N X hSfp±^*5fc»© 
(DSF1) £A*H*-5=i>hn— 7(C0N 
TROL LOGIC & TIMING GENERATORjSOS^WI-^o 
[0 0 7 2]^ :CD*7A7Fl/^i)^®iW 

[0 0 7 3] 0 5{C^^V^•t, n—X hoi>K^=^502 

b500i:A-7A7'K^^^i^v— £501tc-fey> 
Ztltz&, n&irnvtmni CLKtC|5]^bTA'>> 

> b©tB*tt*7ATKlxX^ai*lx-^501{c:A*$ 

[0074] fit, h500©*-i7>^ 
ftt^r/N*-^ hi> h*^n^502T-*-^-rs^i:{c«t 

*^>^$iJfflI[5IE&503^31*nb, *>i7>^zL-y h500© 

[0 0 7 5] />*— 7 Y\y>^7>ifi7J^—P<Dm 

n— ^ hx> ^*^±b'fev^fcii), ^-^b^h 
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v7 • -Y > • 7M-y3?> KBST<&3> bD — ^504 
lzXt)?2>Z.£lzXt), IH« J. h500© 

[0 0 7 6] *4Sqil<2)&&ttx hfccfJ.it:* 

#Sfc»CD#fflCDff^ (DSF1) 43>hD- 750 

[0 0 7 7] 3-v7 J z\s>? h{I^£{£«b-CS'>£'P:*- 
*DRAM£ffij&<B&J$?-^>;^AfC;}^-t\ ±13 D 
SF Mf^£:3> }- 0—7505^7*7^ ^A^JUT> 10 

[0 0 7 8] 06K:fc^T> f^X-fel^ MIVCS 
O^.fcTJ^yX-fel'* Ms^/CS OhUg-TSDSF 
1, zix^K (CSO) l±, ai&CD^>^U^-XDRA 

135*.V^v7*\s* bm^/CS 1 tHltSDSF 
l(CSO). 3^>K(CS0){4, ^©f&JSilff^T-fcS. . 
[0 0 7 9] 37> K(CSO)©Readii, BuiE©*5A7' 
KL/^ • 'J-K3V>b-T-fe5s |I]B$fc:DSF l{8*f£ 20 

CD^D5/^T-3V>K(CS1)CD*^A7'KI/^ • U — K 

[0 0 8 0] ^'Jft-i'nvv HPRE£A;fr-f 

3@^©*-f S. >*£EI7lC;jvr. 0 7«C:fcV^ M— 

adi:A10©/W l"<;i-S:|IJB#A2iU *7A7HU7- 
U— K • -iM X • *-h7iJft-'^7> KRP£aS:5£ 

hfcffltbfcfc^ tf- h:7'J?-*-^£^fTT-#?\ 30 
ftbDty'Jft-^nTi' KPRE£A27b-?:v>3o 
[0 0 8 1] bA^U ClOCS 0tMt57'Jf+- S> 
3V> KPRE©A;fr©&4^ CSlt^tSA^ATt-- 
• U— v> KRead©A;*J#SIft-tV'>-5Ci;#fc> 

[0 0 8 2] EI7k::fc^T\ X'J 3=-* — W?> KA* 

c <t £ »j * ;i/©jgigH:iasiT- & 9 x f&o?- ? x 

-fel>* hMfti«$flt^5i'>i'D^DRAM'N 

v> KPRE©;*-^— 40 
[0 0 8 3] d©«fc5£, Z<DftWX-i±, /^ht- 
K^t*7A7h-U7 • U— K • V ■< X • 3f— h 7" 
U^^-^RP^A^bTfe, DSF lff^A^JCfcoT 

Z^ffT-gT, ttfcSKT'UT^-^riV^ FPRE&A 

PRE©A# i:flfe©n > K©A* £<Dffi9i*i&tttjL\fft 
fc£fc£>fc^fc#>, *t •;-9--r^;m#P4* s S<«:oTb* 

[0 0 8 4] Z(D£?ter3m%M&i?Ztzl>t)lZl3:ZntcL 50 
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t?>*<Dmi$.zm i t^-r. 

[0 0 8 5] Elicit, *^>^jl-^ MOOii, 

A^/^ns^WT-K u^ct^ hflg^tcttifcbfefcry h 

ifc©#$>*£;prbT:fc!K ClftttM-;* hl^>^& 

— #101tt, A^^-y M00©i±5*{cS^V%TA5 
A^lJRi&U * I-:n> Kt^^l02tt N *<^>* 
M00©m*{s^£^* bTM— * Kft 
t&teu #£>*$iMHS§103fciu d©^ — .X H 
&aii£*£Sr5^T±§3£'7>*^y M00©iirf££ 

Mffli-rso 3>bD-7io4tt, a^y^mmmmo^ 

[0 0 8 6] r/'J-^-f — ^$iJ®[5]Sa(PRECHARGE C 

0NTR0L LOGIC) 106HU 7U 5^*— > - lW£SB (^«B&) 
£ >t > * «?8 £ ^tr X U 5=- -\> - *P8SSfI^(PRECHARGE ) 

Tfl*f(PRECHARGE TERMINATI0N)£S£m-r5o f LT, 

tiU*SS£A*rr M-^ hx> K^E=^102i: 

nv>KACT x • U — K n v > KRead* 

»K3> hD-^104i:gE^?tiSo 
[0 0 8 7] *7A7K1/^ • 'J — Knv>K 

ReadSfcli^^AT'Kl'^'f HWriteA*jB#© 

^>*mm*RmTztzisb<DJ*i'i?'7y7-®mBM!iK la 

TCH)107i:, T'U5 : - + -^i&^^^-&Sfc»©*ffl©« 
(DSF1) ^A*tSfe«)©3> hD— 7(C0NTR 
OL LOGIC & TIMING GENERAT0R)105i:* J lSlt 6tl> 

■en-^ r ^ - ^^j® bssio6 ^istt £ ft % . 

[0 0 8 8] &fC, 12 1 H^bfeA^AT' KL>^A«>> 
* (EI 8 ©806) ©!M£Kr3V>Tl!iB.J§-r£. 
[0 0 8 9] 01 ^c*^V^T^ M-* K*n^l02 
&£*»b»^-Ki^**fcl££;**.fc;i-;*b 

7FW^i^l/- *101fC«U mmti^^TYUXifi 

ftz>„ 

[0 0 9 0] Z.(Djit>y*3--V M00©tti*tt*^A 
7Fl/^yx^.l/- ^101{CA*$n^ *7A7f--M 

*aj^-rs„ -eut, *>i7>^^.^«v Moo©*->>h 

fitS^t-^ >^i> K ; er:^io2T- ; e-^-rscii:{c:<k 
A^>^S<OTIiSS103'xa»Ib. A"i7>^^.-f M00© 
[0 0 9 1] n— 7. v^yirxifiy)^— ^©Sg-g-ii, 

-f > • v'rJ V> FBST^3> hD — 5104}CA* 
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[0 0 9 2] ttz, 3> hD-^104li*^A^Kl'^ 
• U — K • X • t-h7'Jft-^3V> KRP^fe 
tt*7A7h-l/X • b ■ 04 X hX'J5 L +— 
i^3V> KWPfcBWl/fcfc&tt, hx> K^E— ^ 

102^il^DL, * t^> K^*102l±M— * hi> 

F&tfetbi-si:, ^ , u^+-5?fiijwia8Sio6'va»u 

X U -v - i?MffllB106 tt x 3- * - i?§M¥$H^ x y 
^^-^Kjf^cDM^CDS^^t-So 10 
[0 0 9 3] '<>*7y?-|aggl07ti\ 3>hn-7l04 
*^A7'h*UX- U— KRead*fc(4*^ 
• U — HWritei;All£A:*jU Cft 

s>©nv> HA^cD^*>^fs$a^fafjtf So 

*fjf?8fciu X'J^-^-^*JfflIlBll^l06-N^ffl^n, n> 
ho— ?105£A?j$*ifcDSF IH^T^tM X£ 

x'j^+-^S5R^xu^+-^tt^a5^ffi-rs. ci 

©DSF liftCiST-'Jft-ySim *-FXU 
?-*-i?mWZ. *)t>&ffc£tl, b VWsW 20 

[0 0 9 4] 0 2^ A-;* h^e— K©;\*-;* Mx>X 
X£4JC|£i£Lfct§^C:ioOT, XU^+— S>«rf*«B 
fc*!>©l?JSiSg (DSF 1) ^7ff-f7KUc 
B#©*-f ^>X7-*-h£jfxbTU5., *fc, B2&0 
1 1 i:|Hj|HtCM>^ 0Jc*f1-£>.>s— x I- >; — HtM 

^^bTV^S. 30 
[0 0 9 5] El lWV^Ttt, M^OCMtSD'J 
7" KU^^ hD — X • t^yifT^^-i 73?> FACT© 
A^SU 3?> KA£#iiIig&B#Bg£e-£j!j7A7'KU 
^ • U — KReadfcA^bTVSA^ *7A7h - 

• ';-H3T> FReadWATjBtfC, A10£D"7l"< 
;i/£«tf# bt *— h X U ^^-^^Hff b&^a8lj££ b 
T<^Sfc» % v*— ;* MJ--f ^;i/©^T^fc:XU?-^— 
37> KPRE^A^-rS'iJStffeofco 
[0 0 9 6] *ZT; ^SgBJT-fci, DSFimr^ 
XtcfSCifcTN EUO^^y^IsISSWfcfBtaS 40 
*XfcM>*tS?ST*££M>* 0 (D SF 1 i:|S!BfA;fr© 
^>*fjffRfck&©DSF 1 ATjBSfcffiffl^ftS) £*ftl 
£X';^*-^£fT-5c£:fcb;fc 0 d*i£<k»K 02C 
^-Ti^ic, DSF1^7^r^7(/WV'<;i')(:l/fc 

■tercet on^tt-sxu^-^-^^fft)^ 

1aO*7A7K1/7 • U— v> FRead©|5lB#A7J 

[0 0 9 7] *M0*7i*7KV7*e?>^0 
*2 3QK«fctHvtKW1-*. 50 
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[0 0 9 8] 03fcfc, *»te©»2SQS«<Z>*9A7 , K 

[0 0 9 9] 03t*J^T, i3V>*3--v MOOfct, 
A7j£;h.3MBXKl^©tf>.y hfllJ&CttJSLfeKy h 
^©*-i7>^^*bT4o»3> ^tvtt^*-^ hU>^X* 
ht-i,jL- <v ht-feSo *7A7Kl/^^x^l/ 
— ^301(i* £ «/ hSOOcmiJJ-S-^V^T * 5 A 

SUWR*U H*=*302li#"7>*.3.= 
y h300©£tj*;{i^£^* bt^-^ b*>F*«ia 
U #£>*f|ii®III8§303fcj:c©^— * FffcffiijiS 

3„ 3>hB-7 3 0 4BA'»^$ijIlig3 0 3l:3 
v> H £ jitter 3 „ 

[0 10 0] Sfc, **>*»J»[IIK303C8aa;Sfft* 
n> hn- 5304fcj&[]*. % hiM £;i/&tt>±£# 

5 fc »© E B<J i: X U - *?m& &'rtt>-& -5 E l$£38;fe 
(DSF1) SA^-T5n>bD-730 
5i^ 3> hD— ^SOSiP^tB^^nS^^— ^ b 9 7 
S*i:XUf : --V-^tt^S*^*'i7> ht2,fc«)01K 
yh*|»^t$5DSF 1 *>j7>*(DSFl C0UNTER)30 

[0101] DSF ljb^V^SOS©*^ HffiH:, n 
> hn-73044>c,©a^C«toTU-fes' DS 
F l*>7>^308©*'>>^tb77li> *-7>^ffltf. 

"0" ©a^{Z*^>^$iJ®|lI8S303^il^$'fl, 
>^fit*s "1" ©S-&ttX';^*-i;#J®H88306Jcii 

[0 10 2] X'J^-^-i?$)JffiI(lK306H:, XUt^-^- 

b^> b'tkaMgm*AJj-?ztztbizn-7> 
b^> b'^-tmtmmttti, 7vr*-i?^-?>Y? 

RE&A7J-T Sfctoicrs > b D— ^304i:ig^$ns. 
[0 10 3] 7^>^7 95 i InISS307{4A7A7'K 

• 'J — K n v > KRead^fctt^^ATKU^ • 
h 3 v > HWriteATj^F©^* > ^«^SI3fS1- S fc»© 
*©T-$>5, XU^-v~ S?ffll»EI8S3 0 6i:^$tl 
5, 

[0104] »:{c, *m2mmm<Dmtt^x®.wr 

■5. 

[0 10 5] E3fc*JV>T % ^t— ^ b^-y K ; E-^302{C 
->V h300i:*5AT Hl/^^jc^U— ^301{C-b9 b£ 

titc&, rtse^n^^^i CLK(c[5i^b'r*^>^ 

h300©*-7> MM£#M$S£ft£o -©*^> 

^^ATb'v^^mtj-r^o 

[0 10 6] -£bT, *>7>^a.= ^ h300©*f>>^ 
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*->>*$OTEig&303'va*nu iit>y*=>--v H3oo© 

7 h V~7 • <i > • 7iK-i/3?> K§3> hD— 530 

[0 10 7] *^2H|g^J©#StT-fe5DSF 1 

*^>^308cD«3SBf»tt "0" T-fef), rt^l-fitf 

"0" ©»^.tt, n> hP-7305(C*f^"SD SF l(f 
^©A^^n-^h^b^T-SARfcMffiJcb, DSFl* 
-7>*308£#>7> h7>y7l/tA->V Hit* "1" £ 
bfc^ #>7>*$iJOTe]S§303^;*J"7> h*U:©S!*ft 
iI*n-TS. d©fM<fc«ktK *-i7>^$W@S§303{i, 
b300©#^> h cfJh<3D*iJ^I«:fifV> % M 

[0 10 8] DSF l*->>^308©*'>>^ h 

filtA 5 *' 1 " ©B§fC, 3>hD-5305*SDSF li^4 

■WMBfcfcllfcU dsf l;!!J'7>*308£#•7>^T 
y:7•bT;*J'7>*^ia£ "o" turn ru*-*— 3>m 

»[US&306^7 , 'J^^-i'l&^S5R«:^mb^ ^'J^ 

- y»j®0g&3O6 1±/ * > * re « & ^tr y ^ + - y wm 

©S5l?PRECHARGE£ 7* U ^ * - ^iMPffl^Sffif.* . 

[0 10 9] ckzvo^hmuju ^ytr^v^mmoi 

eh#tcAll£A;*JbTi2t&£ft3. ^bts SiiifcODS 
F l*^>^3084>e,^Hi$nferU^^-^l&^55R 
i:ft{C7->J^+-s;SiJfflll5]gS306^A*$n. r'J*-* 

^^©7*y ^■■V — ^g*PRECHARGE£ + — ^firf£ 

[0 1 1 0] DSF 1#-7>*308©;*J>7> hfitttU * 
»J— Fn x'V KRead, *fcli*5ATK 
V7 • M KWrite#A2j;**lfc*§-&x 3 > h 

n-7304*>£&ai£*lSm^T-i!OJ8fiI£&5. 
n> hn— 5304*s*5ATKU^ • y — K/M h - 
■iMX -^-FXy^-^ v> FRPfcigSibfc 

?w * - @jiS306^a«i u s> mm 

@s&306tt r y ^ +• - s;«rfp»^ 7 y ^+ - vwtom 

[oiii] #fSJS0!l©lM£fc:-c>^-c*>f 
^^-bS<gfflbT^1-i.o 

[0 112]H4tt, T^yX-fel^ Wl^ffifflbTS' 

y z d ^ d r a m zmmmmm-r z ^7 =r a k # ^ 

X, ±IBDSF im^*?yhv— 5305^2*0^* 
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(l^oy^g) T-A— X MM *;H&*M8rU iJc©T 

[0 113] H4iC*$Vv^ hlf/CS 
0*SJ:tf?-»7-fel/* hfi-^/CSOitM^SD SF 
l(CSO). 3^>K(CS0X A10(CS0)(i. «!»©^>^D 
^DRAM©-^©$iJfflim^T*fet)x T-yy-bUtY 
M*Ha*.TFf-v X-fel/*>M^/CS 1 hg8»-f5DS 
Fl(CSl), 3V>K(CS1), A10(CS1)BU fe£CDfl*fflMg 

10 

[0 114] CS 0C*fLT\ *7A7HM • 'j-F 
•3-?y KreadfcAlO©^ 1"-<;1/£|b|B# A* 

x*), si— hry^-v— Mj->r ^ 

^AsPfi&^ftT^Stf, toi'D'y^-CDSFl (CS 
0) U^UT-feSfcK), MM *;i/fcfc*#r 

£*u IHlBtJc^ b5M©* i >>^j-=^ h300©A^> b 

[0 1 15] ^bT, &©^ny*-f&DSF lisyNW 
20 U^f$5Ci:icj;ot, 7'J ^-^-vmW^^ 
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